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1. Introduction 

This synopsis outlines the Upper Cretaceous low permeability natural (biogenic) g3s forma- 

tions of the Northern Great Plains Province (NGPP) of Slontana, Wyoming. North and 

South Dakota. The main objectives are to present a genzr31 picr,ure of the: 

l stratigraphy. 

9 siqificant structures. 

a nixural 235 poteRri2.1. 

Since the m3jor rok or’ the \Y?stem Gas Sands PrQjec: (;VGSP) Core Prosam is to evaiua~ 

r.oncommerci31 21e3s. which escludes producing Ee!cis, no attempt ~3s made to review Ehe 

major amo-uni of reservoir detail of various gas fields discusxd in this report. This innforma- 

tion is best supplied by individwl operators. 

The gas resowze po:er,ti31 for the provinc, 0 is jignir^ic3nt but the amount c3n oni>; be s’ur- 

mised at this date. 2%~ study v;ill provide 3 st31~ toward determining a re!izbk 2x5 in p!ace 

figure by re!ating jtratigrapkic uni1; in produckg fieidj to presant non-commercid are3j. It 

will also help determine high potential are3.3 for coring. This ;‘,-nopsis will only he ar^fec:ive 

!f continually upda[?d 35 mo:t’ data.are gathered. 



2. Location 

The Northern Great Plains Province, shown in Figure 1, is located in eastern Montana, 

northeast Wyoming and ail of North and South Dakota. It has an area of appro.ximately 

225,000 square miles in the United States, but extends north of the United States- Cana- 

dian border, with the boundaries limited by the extent of the included geologic stnta. The 

western border is restricted to outcropping stratigraphic units or where these units develop 

into conventional commersis! natural gas reaer;oirs. The eastern border is limited by erosion 

or nondeposition of the jtratig,mphic units, while ;?.e southern border in Vv’yoming is based 

on depth of burial (be!= II 1. the ranse for developing ‘biosenic gas). The southern bcrdzr or‘ ;he 

province continues eastward, foilowing the southern boundary of South Dakota, yet the . 

Niobrara Fonnacion (one of the objective horizons having considerable resource potential) x 

continues into Nebraska (Figure 3 and 3). The province boundaries may be modified at a 

later date to inciude additional objectives as more information is obtained. 
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3. Stratigraphy 

The U.S. Geological Sur:ey (USGS) has designated a major part of the Upper Cretaceous 

stratigraphic section and a significant part of the Lower Cretaceous stratigaphic section as 

having low permeability (tight) gas potential in-the XGPP. This section comprises all strata 

from the Lower Cretaceous 5Iowry Formation up through the Upper Cretaceous Judith 

River Formation (Figure 4). The older 3Iuddy Formation may also halie some .‘ti$t gas” 

potentia! in the northern part of the province, but will not be discussed in detaii, as iL pri- 

mxily does not belong XI the .‘tigAt gas jands" category of the Liounger jecti0n. Generally;. 

the tOtA Upper atld Low,-: Cretaceotis ;tXXti~lYiphiC szc, -ion- of lIontan resre_;ents abou: 

10,000 ft of sedlrnznts in the non-madne secTion of western .‘,Iontana and Idxho. Esttvard, 

the equivalent, primarily marine section is represented by only 5,500 ft of seciimer.tj wir,h 

5,000 ft of this being Upper Cretaceous (Alpha, 1958, p. 22). Tnis section, basically near- 

shore, shoreline, and aliuvial sandstone, and marine silts;or,e and shale is of interest to the 

Testem Gas Sands Project. T’ne source of these elastics was the land area of western Ifon- 

tana and Idaho, although the Siou-u Uplift in southeastern South Dakota ar,d ihp Black Hi!!5 

c’plift in west-central South Dakota may have been a sourc, Q for some 5Iuddy xd S;:a..~ou 

(Eagle) deposition, respectively . 

These sediments xvere tieposited OR a shallow marine shelf e3st of she primary source ares. 

grading from coX:e clajtics eastward inro siitstones, shales, and chalks. After middle Cppe: 

Cretaceous time, coarser ciastics were deposited more kquent!y because of the shal!ower 

seas and periodic erogenic p,&arions. 
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4, Low Permeability Sandstones, Silltstones, 
. Shales and Chalks 

The Cretaceous geology o,f the NGPP is characterized by lithoiogic fakes deposited in a 

north-south trending epicontinental sea as depicted in Figure 1. The primary source of 

elastics for these Cretaceous rocks was from western Zlfontana and Idaho. Predominant 

continental deposits in the west graded into marine sandstones, siltstones, shales and ulti- 

mately chalks toward the eastern part of the province throughout Cretaceous time. An 

ea.sterly retreating sea allowed the coarse elastics to be deposited fxrther and further east- 

ward during this pericd. 

T’ne oldest unit of c’xrent interest to the KGSP is the SIowry Shale, ivhich lies be!ow the 

Frontier Formation and Belle Fouche Shale. The ?iIo:v~y Shale covers the ent.ire NGPP as a 

shelf sandstone or silt and shale facies, except in southeastern South Dakota where its 

equivalent, the Dakota Formation, is partially represented (LlcGookey, et al., 1972, p. 201). 

. 

There are three lithologk facie5 in the Nowry Shale and equivalent rocks (Rice. 197S, p. 

273). X well deveioped shelf sandstone facies covers th e western part of the AXGPP. .A less 

we!l-developed shelf sandstone facies ;ies to the est and covers ‘most of the easierx part of 

LIontana and northeast Wyoming. The t5.ird facies is a siltatone and shale unit whic‘r. co’;ers 

the remainder oi Llontana and extends into ihe Dakotas. Currently ihere is no gas pro- 

duction from the .\Io:~y Shale in the NGPP, although testing in jome we& in the northern 

part of the provmce indicates potential resources. 

?“ne Frontier Formation is a massive continental sandstone in southcentral JvIor.tana but 

extends on!y a shop dijtance into the ;outhv;estem comer of the NGP?. Here it der;e!ops. ic 
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The Be!le Fo~che Shaie e:<cept for sou:h~as~em South Dakota covers :he entire NGP?. This 

formation is not productive in the prowtince. 

The Greenhorn Formation lies above the Belle Fourths Shale. The top of the Greenhorn 

Formation is a limy shale or mud;tone and, in places, a fine grained crystaliine limestone, 

which is a good well log correlation point throughout most of the NGPP. This unit generally 

becomes more calcareous in ea.stem hlontana where calcareous mudstones and elastics give 

way to deeper water marine sediments. The Cone Member ,xnd part of t.he Floweree Member 

of the Slarias River Shaie of northwest !Aontana are equivalent to the Greenhorn Formation 

(Energy Resources of hlontana. 1973, p. 12-13). In southeastern South Dakota, however, 

the Greenhorn Formation tends to become less limey and more ciastic with ah unnamed 

sendstone mem’oer at or neer the top of the fornatio:~ and a smtier sand jttin<er at its b%e. 

The Greerhorn lime unit produces in the northern part of the Bowdoin Field, \Iontan~. 

The Phillips (LlojSy) Sandstone 1Izmber of the Greenhorn Formation, which is beiow the 

top iimey unit. deT;e!oped as a sheif sand;tone. This member covers a ia.rge part of the 

province extending from the Pov;doin Fie!d westward to the Sweetpass Arch ixea of 

4Iontana and southeasterly almost to the Wyoming line. East of this the member equivalent 

is a siit and sha:e lacier nhich, further eastward. Jrrsdes into a shaiy chalk or chalk (Rice, 

1978, p. 27-L). 

The Phillips Sandstone 1Iember produces commerciaily in the Eowdoin Field. The original 

fie!d was deveioped ti c!eaner sands and :he well; proved successfui wizhou: stimulation. 

Howeser, !ster -x-ells drilled northwest oL t‘ the orisina! field have been stimulated. About 120 

miles west of the Bowooin Field, an equivn!ent Phiilips unit produces in the Ezst Keith and 

Sage Creek Fields. This inter;al is called the Second !I<q;l?ite Specks Sandstone and is approsi- 

mate!y the same zhronostmtigraphic unit as that which produces in Canada. 

The Car!ile Shale is a marine Iunit lying between the Greenhorn and Niobrara Formations. 

This shale sequence covers t!le entire NGPP, although it can be subdivided into facies (Rice, 

1978, p. 271j. -A slelf sandstone fZICitf5, called the Eowdoin Sandstone 1I?mber of the 

Cariile SL-iLe , es7encs from nor+hcentrai ?,Io.n:x~s southwestward to tjle western 2dge of the 

?iGP?. The 3o:vdoin Siernber is composed ,of jandstone and silTstone Ienses aend :aminae 

inter*oedti& in 2 rr.ajsi:.? ;;-1:p _IIL__. it \v;;ij -orobabli* dz:posir,ed ir, a lo:vtr ever:.; er:Yz-nn.ment I _- 



(deeper waters) than the underlying Phillips unit. This also seems to be reflected ‘A the 

reservoir properties of the units in the Bowdoin Field, the largest producing area for both 

members. Generai!y. the Phillips Slember has Egreater porosity and permeability th;i? the 

Bowdoin unit. However, this seems also to vary depending on location in the fie!d. Xp- 

parently during the deposition of the Carlile and Greenhorn there were periods when 

more elastics were being deposited and during which water depths fluctuated. This resu!ted 

in higher energy deposition of cleaner sandstones interspersed with intervals of lower energy 

deposition of shales or shaley limes of the Upper Greenhorn. 

The Bowdoin Member in the area of the Bowdoin Field is generally not as well developed as 

an equivalent shelf sandstone in areas west of the Bowdoin Dome. Here in northwestern 

llontana, the Car!iie Shale becomes the Ferdig ?iIember of the Slariaj River Shale. Approsi- 

mately equivalent shelf sands (Turner Sandy Llember) are &o found in southeast LI.snta.na, 

nort’heast Wyoming, and South Dn!<ota. In southcentral, and possibly as far as eastern, 

South Dakota, the Code11 Sandstone !Jember may be equivalent to the Turner Sandy 

Alember (Rice, 1977). 

The Bowdoin Sandstone Member of the Carlile Shale produces in the Bowdoin Fie!d of 

Phillips and Valley Counties , ;1Iontana. TJ the original field area, gas was recovered from a 

c!eaer zone that may have been naturally fractured. However, field extensions to the north- 

west and southeast have required hydrailk fracturing to be commercial. To the ivest there 

have been a few productive Bowdoin wells on the southeast flank of the Bearpaw Lplift, 

alt!lough an initial l - is well development program here :Y;?s reduced ai‘ter initial wel;s pro- 

duced water from clean sands. The Turner Sandy 3Iember produces gas commercial!y in the 

Powder River Basin of Kyoming: hoy,rever the unit is not presently of interest to the 5\GSP. 

The Xobrara Formation represents a trarxgression of the sea over all of the XGPP. In the 

deeper madne waters of the e&em part of 5lontana and thrcughout Xorth an.d South 

Dakota calcareous mudstones and chalks were deposited. Dark marine shales and some 

coarse c&tics were deposited in western Montana (Kevti Shale Alember of Maria3 River 

Formation and JIa,Tin I sandy zone). The Niobrara Formation is currently believed to have 

potential for ;as production in dve states. including North and south Dakota: and in Canada 

c%untree, 1979). YLhe chak are considered to have nigh porosities but estrernei:; lo:rv 



permeabilities. The clxrent Niobrara piay be+ a?? in northeast Colorado in 1972: Production 

was obtained born a chalk section at the top of the Smokey Hill hIember of the Nicbrara 

Formation. West of the cha% facies. the Niobrara Formation has had gas sholvs from wells 

drilled within and west of the Bcwdoin Field in Phillips County, hlontana. The 5Iartin sandy 

zone of the Niobrara Formation tested gas in the discovery well in the Bowdoin Field (Rice, 

1978, p. 278). 

The Telegraph Creek Form&ion overlies the Niobrara Formation. This predommant!) 

shale unit is recognized as a formation in western and central .\lontana but becomes par, 

of the Gammon or Pierre Shale in the eastern part of the state. Locally, we!1 deve!oped 

sands do occur in the Tr!e;raph Creek Formation, some of which produce gas in the Lake 

Basin Field, Stillwater County, SIon:ana. 

The Eagle Sandstone Fcrmation :vhicil inc!udrs the Virgelle and Shannon Sandstone JIem- 

bers lies above the Teiegaph Creek Formation. Eo:h members are developed at the base 

of the Eagle Sandstone in various parts of the province. The Eagle Sandstone produces from 

nearshore (beach) sandstones around the flanks of the Bearpaw Alountains. Production is 

aided and sometimes hindered (fracturing into the water tab!e) by natural fracturing, al- 

though these ciean coastal sandstones have good porosity and pern.eabiiity. The Eag!e 

Sandstone also produces from the same facies to the south in Rapelje Fie!d. Eastward, these 

beach deposits grade into shelf sandstones. The Eagle Sandstone FormatIon and equi-.a!ent 

rocks are ptimaril;; siltstones and shales in the Eo-xdoin Field area of north-centra! Montana. 

However, shelf sands are developed on the jouth and :outhenst sides of the dome and hay/e 

produced gas m a few wells just south?sst or’ the 5, J!d. These shelf kdstones xre TIUC~ 

more estensive f-rem west to east along the southeastern boundary of 1Iontana xhere the 

Shannon 1Iember IS productive in the Lixom Creek and Pumpkin Creeic Fields of Custer 

and Po:vder River Counties. Equivalent sands xe also producti-;e in the 1Pest Short Pine 

Hii!s Field, deve!osec i :ec~?n;Iy in Iiardin~ County. Sol.~th Dalcota. 



Eastward, the Eagle SarAtone Formation 2nd equivaient rocks zrsde !nto siltstone and 

shale of the Gammon Shale. There is no production from this fxies except on the Cedar 

Creek .Inticiine where r,he Eagle Formation produces from a sandy-&al? sequence. This 

structure localizes production ti the area, aided by natural fracturing. Trapping of hydro- 

carbons in the Eagle however, is probably due to scratigraphic control more than structural 

influence. This facies appears also to have resource potential in ,\jo;:h and South Dakota 

because it is in places estremely organic-rich and also natuxxily fractlJred. 

The marine Claggett Shale overiies the Eagle Formation. The Claggstc Shale and equivalent 

rocks extend throughout the NGPP. X!chough there is little prodwsion from the Claggett in 

the province, silr;scone laminations in the shales are gotencial “tig!;: 2~” reservoirs and cou!d 

be m economic 5ol~:ce of 5~s ST natulttiy fracxxed areas. ‘Et C!agg,>tt Si;a!e produces 

10~ally ~‘~OEI .FIICI~~Z~ coax& sx:d;tor;?s in the Rapelje Field of .\i!j::;an~. which ;5 jwt out- _ 

side the province ‘boundary. 

The youngest unit oi current interest to the IA’GSP is the Judith 1 :ver Formation. This 

unit produces from continental deposits around the flanks of rl; Baarp’aw LIountains. 

These deposits, as well as the lower coastal sands of the Parkman Men: +r, may also prove to 

have significant gas production’potenti2 around the &x~ks of the 31 doin Field in Phillips 

and Valley Cocnties, 5lontanx Rhi!e c?rkn reservoirs fit in:. Ihe rea!m of “tight gas 

sands” and are therefore of i nteres; to the KGSP, these contine:,:.:; cie?osi~s have 1imi;ed gas 

potential due to :heir restricted areal extent and shallow depths. 



5. Canadian Low Permeability Sadstones 

In southeastern Alberta. Canada , shallows Cretaceous stratiyaphic units are equivdent in 

age, similar in thei;r depositional environments to those rocks described in the United States 

part of the NGPP, and produce natural gas. The prim;ry low p+x.-ieability producing forma- 

tions are the Milk River (Eagle equivalent); Liedicine Hat (Siobrara +zquivalent); and Second 

Nhite Sp~ks (Philiips sqc:valent ). In 1972 a resource 2l:z.iuation of the Suffieid Block, 1::ing 

30 miles north of >Iedicne Fiat, -Alberta (Figure 7 ), was ~urepared for the -province of 

Alberta by a comm::tze oi geoiogi:al, en$geering, land. and , economic consultants (Suffield 

3ock Study Commictse 1972). L? 1974. a repo,~, i”i:r: Sr:ff-iieli! E~c:::ctior: Dr:‘iii,rg F+ogrzm, 

was prepared by petroieu.m conxltants for tL22 Scuds Com,mittee. This Aprogam es:i,xxed 

the reserves in the BlOCii to be 2.7 trillion cubic feet (Tcf), ir,cludir.q Louver Cretxeous 

reserves of about 130 bAion cubic feet (Bcf). The hIilk River Formation, v,ith a reserve 

figure of almost.2.0 Tcf. has, b;; far, the greatest poten:ia.! (Last, Kloepfer 1971). 

In the United States, the SGPP, with units of jlmiis depositions ~nvvironmer,ts and reser- 

voir ChUiXt2liStiCS. and 311 3x2 290 time; larger thw that of the Canadian Sheffield BIL>c:;. 

shouid ultimately yie!d jignificant r,atural 23 r2S2ri2j from the9 Cretaceous formations. 





6. Gas Producing Horizons 

T’nis section discusses each of the gas producing formations and how they contribute to the 

natural gas potential in the NGPP where the entire Upper Cretaceous stratigraphic section is 

considered to have significant amounts of biogenic gas (Rice, 1973). 

The Judith River Formation produces commercially Tom two main areas in the Northern 

Great Plains Province. One area is on the flanks of the Bearpaw L!ountains, Hill and Blame 

Coluntks. Slontann, xi-.ere :production is controlled by naturally fract~ured or faulted sands 

wit:? oorosities and pezneabilities tlhat xre jUff‘iCit?3i to apparently reo-k-2 !itt!e or no 

stimuiation for commerciai production. Unkrt-unat,e!y, very f2li’ reszi7~oir data ar’, L 0 ,>vai!abiz 

on the Judith River Formation in this area; how-eve r, some of the Judith River Formation 

parameters are probably similar to those of the deeper Eagle Formation. There should also 

be reservoirs in these continental deposits that would require sti;nulation in order to be 

commerciai, due to low porosiries and perrneabihties. Drilling depths to the ,Judith River 

Formation are shaIlow, about ZOO ft. maximum. The total thickness of the unit is about 300 

f * AL. 

T L-I southeastern .\,Iontana, the *Judith River Formation produces !kom the Cedar Creek and 

the Plevna Fieids. Both fields are structu--1 features (antic!ines). although there is also 

stratigraphic trapping. Cniiing depth to the top of the formation is approsimateiy 900 ft. 

Here the Judith River Formation is a series of interbedded sandstones. siltstones. and shales 

varying in thickness of reservoir rock from 30 to 100 ft ( Figure 3). Resen.oir properties 

range from 10 to 30 percen t porosity with an aversge gas pay thic!aess of 45 ft. Original 

fie!d pressure was about 210 psi svi::> a proven productive a,2 7 a of abox 113,900 acres 

(including the Eagle Formations. Gas in p!ace is approsimate!y 340 thousand c!lbic feet 

(1fCF) per acre foe:. 
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In 1977, four significant :vells were drilled in Cedar Creek Fieid, fractured only in the 

Judith River Formation and completed in the Judith River and Eagle Formations. Fracture 

treatments were typical of shallow wells for 51ontana (30,000 lb sand), however, fracruring 

has not been a normal procedure in the Cedar Creek Field. The Judith River Formation also 

has produced in the Pop!ar Dome Field area of northeast Slonrana. These are old xeiis and 

very few data are available. 

The Claggett Formation does not produce in the NGPP: however, it is productive just out- 

side the NGPP boundary in Rapelje Field. 

The Eagle Formation produces from several areas in the NGPP. The Virgelle and Shannon 

Sandstone Alembers are also productive in the province. The main area of production is 

around the flanks of ;i:e E*arpsw -Arch. ‘rIere t1he Zag!? Formation (,irrcluding the ‘L:irg?l!z 

5Iember) is a fine gair,,ed +uconitic szmdstone which prod,uces from faulc>d (,c;;ruc:ura!) 

traps (Figure 9). Dril!ing depths xe 1,000 to 1,300 it. Reservoir parameters include an 

average gas pay thickness of 35 ft: a porosity of 25 percent, water saturation of 38 percent, 

‘and permea’oiiities of up to 300 md. Initial reservoir pressures were about 3S0 psia. It should 

be noted, however, that about one Eagle well in four needs a fracture treatment to be 

successful . East of the Eearpaw &ch, in Valley Collnt> , the Eagle Formation is capab!e of 

producing southeast of ih? Eowdoin Field: two we& were recently dril!ed and completed in 

the Eagle Formation. Both were hydraulically fractured and yielded rates of 91 and 263 

&ICFD, respectivei>-. Porosities in this area are 23 to 30 percent. 

Another major Ea$; producing. area is r,he Cedar Cree!x .4nticiine, sout!least .?Iontana. 

Here the Eag!e Formation is a sandy shaie seqc?nce xi:h an average gas pay thickness of 

60 ft. The average etiective porosity is around 8 percent, somew’nat less t;lan rhat of the 

shallower Judith River Fcrmation. RGservoir pressure is 400 psi at the production depth of 

1,300 ft. Trapping is probably both stratigrap:hic:tiy- and structurally-controlled. \Yejt and 

south of this producmq area, the Liscom Creek and ?umpkin Creek Fields of Montana zu?d 

the West Short Pine Eli12 Field of northwest South Dakota produce from the Shannon 

!Aember of the &pi? Formai:ion. Trapping is also probabiy bosh str~~ctl.xall!:- 2nd strati- 
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silty sandstone that produces irom an interval about 3,500 R deep. T’ne gaj pay thickness 

averages about 8 ft.. porosity 25 percent and water saturation -121 percent. Lnitial reservoir 

pressure was 745 psi. The Shannon Member here produces kern a structure-stra~igr~phic 

3ap. The Shannon hiember aiso produces at the nearby Puzzpkin Creek Field. Trapping 

there appears however, to be pimarJy stratigraphic. Reservoir properties and drillir,g depths 

are similar to those in Liscom Creek Field. Very little Eagie Formation (Shannon) pro- 

duction in southeast lIontans has required stimulation. However, some recent attempts have 

been made to increase production by hydraulic fracturing in the Pumpkin Creek Fie!d. 

L? South Dakota, the Shannon Member produces from a new fieid on the Camp Crook 

Anticline, which lies south of the Cedar Creek Xnticline and from which production may be 

lbfluenced. Porosities and Fermeabiiities from this field are nor; indicative oi ..tiqht gas” 

sands according to a iield opextor r?,IcCu:chin, 197s). 

The Te!egraph Creek Fotiarion is not productive in the NGPP although 104 sands are 

productive just outside the province boundary. 

The Niobrara Formation, whi!e not productive at present in the SGPP, is considered to have 

significant potential throughout the province. There have been several Niobrara -shows in 

wells dtilled in northcentral JIor.:ana and recently operators have planned Xiobrara tests 

ir. the southeastern part of the state. Current interest, however, is primarily in the chalk 

facies of North and South Dakota which maI- have significmni na:cra! gas resources. 

The Carliie ShAe is a major producer in one area in ?Ilontana: the Bowdoin Member of Ihe 

Carlile Shale produces at Borvdoin Field in the northcentral part of the state. Drilling 

depths to the productive ir.terval rage from SO0 I;O 1,400 ft. The Bowdoin hIember may 

range from 25 to 100 ft in thickness. This member is actually a shale with thin siltstoRe and 

sand lenses intercalated throughout the producing interval (Figur? 10). Reservoir parameters 

include porosities of 13 to 23 percent and permeabilities that may vary from iess than one 

to several millidarcies. Gas ?ay thickness varies widely across the field from greater than 30 

ft (average) to sigxnifica3:l:; jrr??Aliier inter/A . -Although the origmal Bowdoir, Fiald did 1:ot 

require hydraulic frac~~in~ due to i:lza;?er sands and n2tlxai frx:uros. lieid estensionj to 

th.3 northwest s:d so~~~ti~~~ r:aq~lrz 51iI?Klation. LL.;est Of _ the Boxdoin Dome on ::?e rlan!;z 

12f :ha Setirpan -tici?. the 3-,:vdoLi zq_jclv2ienr, (:;‘l< Ferd:g !ylrmber of rks J.Idi3j River 

Forma::on 1 prcducas !~;ca.li:: 
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Another major producing zone in the NGPP, the Phillips AIember of the Greenhorn Forma- 

tion !ies below ths Bowdoin Slember. This member produces at the Bowdoin Field and its 

equivalent (the Second LVhite Specks) also produces northwest of the Tiger Ridge Field. 

The Second Unite Spec!<s producing zone has occasionally been corelared incorrectlv to L 

the deeper Blackleaf Formation. The upper part of the Greenhorn Formation (lime unit) 

also produces on the northern edge of the Bowdoin Field. Drilling depths to the Phillips 

Member in the Bowdom Field vary from 1,200 to 1,500 ft. Porosities range from 12 to 20 

percent, with permeabilities from less than one to probably not more than two millidarcies. 

The Phillips Sand Llember is a sandy, carbonaceous shale that ranges up to 125 ft in thick- 

ness with a gas pay thickness of a few tens of feet. -4s :vith the Bowdoin Slumber, the 

P!lillips 5Iember produces without hydmulic fracturing in the initial Bowdoin Field area, blut 

is sti,mulated be:;ond this area. The Greenhorn Format:on m.ust a!so be jtiIXL!htt?d t0 pm- 

duce in the nor~hwes: Box.vdoin Field. ‘Trapping is proiabl:y both ~tmtigr;aph:c and struc- 

tural, although the .maAvz ihaJe units appex ;o give more suppo~ to strati,<raph:c t:a;7ping. 

Production from the Second \Vhite Specks zone in the East Keith Fie!d northwest of Tiger 

Ridge is localized by stratigraphic trapping. This zone also ,produces at the nearby Sage 

Creek Field, The resenoir rock is sandstone with a c!ay and calcareous cement. Both fields 

-have produced naturally. bur frequently require stimulation for economic rates. 

Tine Belle Fourche Formation is not productive in the XGPP. 

In south-cent6 Llontana rhe Frontier Formation produces in the I-Iardin Fieid, a strati- 

graphic trap. The Front ier Formation is a sand:: siTale with low porosities and pe:meab!li:ies 

that requires stimu!a.tion. Drii!ing depths to the Frontier Formation are iess 

than one thousand feet and gas pay thicknesses rang, e from about 10 to 20 ft. 

‘I3e lfowry Shale does not produce in the NGPP. 



7. Summary of Frachrrz Treatments 

The NGPP has natural gas fields which do not normally require stimulation to produce gas. 

These fields include those on the flanks of the Bearpaw Arch where the Judith River and 

Eagle Formations produce from sands with good porosities and permeabilities. Most promin- 

ent of these is the large Tiger Ridge Field in Hill and Blaine Counties, Montana. In this field, 

however, where trapping is pnrnarily fault controlled and where water tables fluctuate 

widely in different 2ault blocks, hydraulic fracturing is required in one out or‘ four wel!s. 

Zast of the Tiger Ridge Fie!d, the original PoJvdoin Field produced Bowdoin and 2hS:ips gas 

na.tu~~Hy. How~l;?r, on extending the deid it became r.ecesazy to ximuhte t::e zones in 

crder to have commercial wells. 

In southeast llontana, hydraulic fracturing is no L normally necessarq’ although recently it 

has been attempted with limited success by operators on some better deve!oped sandstones 

in order to obtain commercial wells. Fracture treatments are small. averaging about 20.000 

to 10~000 i’o of lo-20 .mesh sand. 



The largest area in the NGPP which produces commercislly from low permeability gas 

sandstones is the Bowdoin Field (part of the Bowdoin Co.me), northcentral Montana. 

All production in the Bowdoin area comes from four inter,&: Eagle Formation, Bowdoin 

llember of the Carlile Shale, Upper Greenhorn lime unit , and Fhillips Member of the Green- 

horn Formation. Initially? production was established withox !lavL?g to fracture the wei!s. 

However, estensior, of the field requi,, rod tiacturing the formztion fo obtain a commercial 

7::e!l ilO0 1lCFD or grezwr). Lr,itijl production figures var; ;vid2i:; ctround :i;e r’ie!:!. Recent 

ccmpietions in the ilcr:h:v+s; 2x-t of ihe fieid ‘nave resui~ed in jOme of the !3Z??St pro- 

duction figures yet 50-m the BoT.vdoin Dome area. Stix;eral weiis produced simcx 3.OCQ 

MCFD each from commin$sd Eowdoin , Phillips and Greenhorn intervals. Total frac:urc 

treatments in thes? wells ranged up to 100,000 lb of sand. Although the Canadian border 

limits field extension to :he non;h, recent-attempts to extend the field to the southext :?r;e 

had limited success. .A fex ,,veYs ;o the southeast have produced c!ose to 1,000 MCFD? while 

others have been we!! be!o:v 100 1lCFD. Fracture treatments have been around 40,090 lb of 

sand. 

X iisr; of key wells in the Bowdoin Field xrea showing operaxrs, Sacture treatments, pro- 

duction figures, ar.d ot.her sig3iikant data is presented in Tabie 1. 

West of the Bowdoin Field most of the production is from inter;& requiring liit!e or no 

stimulation. This is especially evident around the Bearpaw Arch with such large Ee!ds as 

Tiger Ridge and Bcllwxker. The rernainL?s areas of signinir’icq-n[ C’pper Cretaceous gas pro- 

duction in the NGPP are sou:h and southeast or‘ th2 Bocvdo;k Field. The Liscom Creek 

and Pumpkin Creek Fie!dj oi Cus”,er and Powder River Col.mties, LIonLana produce naturally 

kom the Shannon Alembar of the Eagle Formation. Eastward, rhe Shannon SIember a!so 

Frsduces natuAkiy ??Ci ;i:? !Vest Shari Pine Hills Field in Zardin,:r County, South Dakota. 

T3e ,Jcdi:ll Ri-;er ~qr,i! 2 V;‘Z .-L.>>‘ Formztions produce 3.1 the C&x trreY< ,ir.tic!i?,rl of F‘ctilor 

Conxnty, SIor,xna. ilOn?s~S;. 21s:r is ver; !itrle fl:.dmep.t 3ctiT;itV _ ,r, ‘;h2 (-Zl:!LiT c:s+i-: iTe:l fo: 

;,-.s;o:.,- ,mj prod.xct~on. ‘.v::i;J ea.‘!? prcrj&-;$y. :‘;s .,yichoc; ;-,::gu;acior., fs1x :‘z:c-n; :es,; 

sv?rc stimu!ate.d irr the :iti::1 Ricer Fol?nation: T,::‘o tss1.j sr-y;?CJ n:x:gin&.i;: I:y>,:i~~c:::;e, 

These xeiis are !is:ei: in Table 2. 
‘-2 j- 



JOSEPH J. C. ?,U?U’E L .~SSOCIXTES,~lONTXNIX UTILITIES GX.j CO!.lP,LuY No. 1 
NW SE 3/36X,315, 1.750 FSL 2.310 FEL. 1,700 Phiiiips test. Contr: Elen’burg. PI Base !,Iap 
MB-SA. API 354:1-21302. FR 9/l/76. Spud 11,‘11;~6. 7 ,% 161 w/65, a-112 % 1,697 ~1'190. 
El: 2,621 KB. i ,721 TD. Per:‘ 1,-l;.;-17, 1,423-2-1. 1,430-31, 1.435-36, 1,141~42, l,ii7;-4s. 
1,450~51, 1,156~57, 1,461.62, - 

” 
1,4,2-73, 1,475-77, 1,4r5-80, :,,.!S3-S4, 1,491-9-i, 1.501-04, 1,.510- 

11 w/l pf. Fractured w/199 BIV, 60,000 sd. Perf 1,609-lj,l,617-15,1,641-46, 1,650~5i, 1,656- 
61 w/l pf. Fractured w/355 BW, 40,003 sd. Completed 4:23,‘77. IPF 2,585 MCFD. Producing 
Zones: Bowdoin 1,416-1,511 (gross), Greenhorn 1,609-1,613 (gross), Phillips 1,611.1,661 (Com- 
mingied). 

SOUTHLAND ROk-ALTY l-38-33NE FEDERAL 
NW SW 28/33Ni33E, 1,939 FSL 1 l-11 FWL. 1 350 Phii.ips. Contr: Elenburg. Pi Base 5iap SIB- 
5.1. API “j-071-21673. FR ll,k/73. Spud ~12:1,7S.” : @ 158 w/63, A-1:2 8 1.359 ~!130. 

El: 2,330 KB. Los Tops: Bowdoin 767, Greenhorn 1.100, Phii!ips 1,106. No cores or tests. 1,776 

TD. Peri 1,106-X w/i pf. Xcidized w/250 gai. Fractured :v;14,653 gal wtr, 40,000 sd. Com- 
pleted 12,‘3/78. IPF 36: ?,lCPD, 33/64 ck. Producing Zone: ?hi!lips l,iO6-1,117. 

XIDLAUDS GAS 1 FZDEXXL-“313 
NE SW “3,‘;‘\i,3~” L. rlu, :.SST FSL 1,426 F’&L. l,:L?L? Phiill? test. Contr: Eienburg. ?I Base !,lap 
SIB-51. Q’PI 35.O;i-21533. . _ FR 6’14,:;. Spud 7,‘26,73. 7 i iij3 y/65, d-l::! Z$ 1,373 TX, 150. 

El: 2,432 KB. 1,397 TD. PB 5,120. Perf 976-954, 1.0?2-OS wii pf. Fractured w/12,936 ,Iai 
emul, 10,000 sd. Perf 1,:87-92, 1,198.1,202, 1,233.33, 1,2~2-44 w/l pi. Completed d/l8,‘73. 
IPF 178 MCFD, 24164 ck. Producing Zone: Bowdoin 976-1,003 (gross). 

JOSEPH J. C. PNUEE 9r ASSOCIATES l-2406 KUKI 
SE NW 2430N:36E, 1,930 F9L 1.767FWL. 1,750 Phillips. Contr: KB. Pl Base !.lap 113-5.4. 
.&PI 25-105-21145. FR 6:3::7S. Spud 10133l’iS. 7 Q 199 w/SO, A-112 0 1,600 wilr;5. El: 
2,488 KB. No cores or tests. 1,770 TD. PB l,j90. Pert’ l,i~l-62,1.466-d0, 1.4S5-S6, ?,4AS-d9, 
1.492-93, 1,501.03 ;v, 1 p,i. Fractured w/357 BIV, -:IJ,OS:J sd. Completed Ii, l/i's, i?F 903 XCFD. 
Producing Zone: Bowdoln 1,461.1,503 (gross). 

JOSEPH J. C. PAINE & ASSOCL~TES l-0296 FEDERAL 
Lot 6 q139N,‘3dS, i.735 , -,- FNL 2,$?91 FwL, irreq.u!ar section. 1,909 Phil!;ps. Contr. KB, ?I 3~ae 
!blap MB-5.1. API 25-l 05.211 43 i\vell number c’hang+d from 1-3269). FR 6/26/75. Sp.xd 6,‘3i7S. 
7 >‘i’ 157 w’75, 4-l ‘1 : 1.7:<$ ~1185. El: 2.390 :<:B. Cored j.jO-,575, recove-ed i’: lno description 
availabiej. Cored 573-605, recovered 1 I no descript:on avaiisbie). Cored 335-8.54, recovered 16 
(no description avaiiabie). Cored 851477, recovered 23 {no description available). Cored $77~,88i, 
recovered 11 (no descrip tion available). Cored 1,350.SO, recovered 30 (no description available). 
Cored 1,380.1,410, recovered 30 (no description available), Cored 1,410.10, recovered 30 (no 
description available). Cored l,f40-70, recovered 12 (no desc:iption avaikiblej. C0red 1.605-31, 
recovered 29 (no description available). Cored 1,635.61, reco*:e:ed 30 (no description available). 
Cored 1,664-92, recovered 29 (no description avaiiasie). Cored 1,692.1,722, recovered 30 (no 
description avaiIsbie). No tests. 1,779 TD. PB 1,423. Perf 536, 338, 311, 319, 551, 555, 537, 
.5,59 w/l pf. Perf ,323. 529. 831, 833, $ 35, 837, 3.39, 841, 347, 853, 95.5, 857 wil pf. Fractured 
W/279 BW, 40,300 5d. Per< :,:!tjG-66, 1.36s.70, 1,372-7j, 1,X7-S9, 1,394-i,410 :v/l pf. ?rri 
1,589-96, 1,603, 1,6i>Y-?.J l.v:l pf. Perf i ,657~61, 1.66-k-75. 1.53043, 1,690.94, 1.696-98, 1,:3’1 
711 pf. Fractured ..v’333 B’X, 10,000 sd. Comp!eted 11.2,78. IPF 33 >ICFD. Producing Zones: 
Eag!e 536-3.57 I 2:05s I, 3o*.vdoin 1,364-l ,410 (gr0.s). Csmmin,rl2d. 7 



Tcjie 2 Key it’eils. Cedar Creek Fleid, Failon Count?.,, .!lontma 

PACER RESOURCES 11.36 ST.kTE 
C SW 36;5N;60E, 1.320 FSL 1.3-O F’A’L. 1,600 Eagle :est. Contr: Elenburg. PI Base &lap SIB- 
21~. API 25-023-21114. FR l/4/77. Spud 3/?7/77. 7 ‘& 167 ,r//65, 3-l,‘:! 5 1,6iJ3 ;~/30O. Ei: 
3,021 KS. Log Tops: Judith River SS.5, Ciaggert 1,094, Eagle 1,322. No cores or tests. 1,600 TD. 
Perf 388-906, 956-960, 973-976 w/l pi. Sand Fractured w/31,000 sd. Peri 1,434-37, 1,444-47, 
1,473.82, 1,487-91, 1,300-03, 1,50610 x/l pl. Compieted l/12/77. IPF 60 4lCFD. Producing 
Zones: J::dith River 83-976 (toss), Eagle 1,434-1,510 (gross). Comming!ed. 

PACER RESOURCES 11-7 BN 
SW SW 7,6Ni61E, 1,350 FSL 1,130 FWL. 2.900 Eagle test. Contr: Elenburg. PI Base Slap 1IB- 
21x. .API 25-025-21120. (Spot changed from C SW, fig changed from 1.330 FSL 1,320 FWLi. 
FR 3139:77. Spud 4115~77. 7 3 1.53 w/63, 3-l/2 g 1 ,750 w/300. El: 2,994 KB. Log Tops: 
Judith River 970, Eagle 1,374. No cores or t2sis. 1,730 TD. Perf 1,025~31, 1,036~42 w/2 pf. 
Sand Fractured w/31,000 sd. Completed 3/5,77. IPF 40 MCFD. Producing Zone: Judith River 

l.C:!j-1 > 043 pros.5). 0 



9.Widern Gas Sands Project Core Area 

Tne NGPP includes 223,900 square .mties in Slontana. Non!? Dakota, South Dakota and 

!Vyoming, al! Of irhich contam 3tZCtiOnS of interest KO the KGSP Core ProYam. Drillmg 

depths to the objective core sections vary somewhat throughout the province, but ;tr? 

reiatively kAlo\v (less than 3.000 ft) compared to the much greater depths i:: the sedi- 

mentary basins of LVyommg. Colorado. and Utah. Dr,I!,,., ins. deaths LO reach ‘objective s<ctionj _ 

(Ca.r!i!e and Greer,+.orn i r?.orh znd :VZSI of :h? Tiger Ricig? Fie!d LX less thz.n ‘2.s500 f?. Eas: 

of the T-;<rr Rid:: .x;lz z.ro:-~n cj :h* &:~i~r;:q Dt>me :k,2 fij~ecti~:2 jecti0.z esteccij in:0 th? . A. . 

!*!o’,vTy S:raie CL?\; ?oj;::_,!: the Lludciy Sandj:ar.2. kliin; d?;ths LO r?x:? ;h’? :!Liddv 

Sxdstone rrmg~ ?,JT. 2.300 to 3.000 fc. In joL.IheajK SIor.tana, the objecriv? 3*ctionj in- 

clude the Niobrxa xd Greenhorn Fcrm~c:ocs. Dti!!ing depths to reach ke lisper Green- 

. horn Formation are J.rGund 1,000 ft. diminish;ag significantly toward the 8lack Hiiis 

Uplift. On the Cedar Creek Arrticline. depths to the Eagle Formation are less :han 1.300 

ft, but deeper. jlgr.lficantly off str’Lc:urt’. 



10. Compkted Coring Jobs 

One well has been cored in the NGPP for the WGSP prior to the completion of this report. 

This well is located in section 2, T29N, RSGE, Valley County, llontana, southeast of the 

Bowdoin Field and is listed in Table 1. Two hundred ninety-three feet (293 ft) of 2-li2 in. 

core was recovered during Ju!y, 197s. Cored intervals include the Eagle, Carlile (Bowdoin) 

and Greenhorn (Phillips) Formations. X comprehensive suite of geophysical well !ogs (dual 

induction-laterolo%, prosirnicy-microloi:, neutron. density and sonic) was run on th;is we!l. 

Final results of this operation are stiil oending; the data wiil be released upon completion oi 

w.alyses by the USGS. L os ;Uxnos ScientiSc Laboratotirs, and the Bartlesviilz Enzqf Tzch- 

nology Center of the DOE. Core Laboratories, Inc., however, has provided data on porosi- 

ties, permeabilities, saturations and grain densities. 

. 
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